Bis(r/ 5 -cyclopentadienyl)N,N-disubstituted dithiocarbamato(chloro)oxomolybdenum(VI) complexes of the type (C5H5)2MoO(S2CNR2)C1 and (CsHshMoO^CNRR'JCl where R = Me, Et, «'-Pr and R' = cyclohexyl (cyhx) have been prepared by the reaction of stoichiometric amounts of bis(^5-cyclopentadienyl)oxomolybdenum(VI) dichloride with sodium dithiocarbamates in refluxing dichloromethane. Infrared spectral studies demonstrate that in these complexes, the dithiocarbamate ligands are bidentate. Hence a coordination number of 7 may be assigned to the molybdenum(VI) atom in each case. In addition to infrared studies, electronic spectra, NMR studies, magnetic susceptibility, elemental analyses and conductance measurements have been carried out for these complexes.
The preparation and properties of the Mo(IV) complexes, Mo(R2dtc)4, "with a variety of R groups have been studied [1] [2] [3] [4] [5] [6] . The structure of Mo(Et2dtc)4 was elucidated by X-ray analysis [7] , which revealed that the molybdenum atom is coordinated to four bidentate dithiocarbamate ligands, the MoSa coordination symmetry being that of a slightly distorted triangular dodecahedron. The preparation of a number of derivatives of dicyclopentadienylmolybdenum and -tungsten, such as thio complexes (^5-C5Hs)2M(SR)2 where R = H, CH3, C6H5 [8] , (^.C5H5)2MoS2C6H4, [(/?5.C5H5)2M(SCH3)2]2PF6 and diamagnetic complexes containing Ni, Pd and Pt metal atoms [(^-C5H5)2M(SCH3)2M']2 X-where M = Mo or W, M' = Ni, Pd or Pt and X = CI or PF6 and many other similar complexes [9] [10] [11] [12] . However, there is no reference in the literature regarding the synthesis and characterisation of bis(^5-cyclopentadienyl)N,N-disubstituted dithiocarbamato(chloro)-oxomolybdenum(VI) complexes of the type (C5H5)2MOO(S2CNR2)C1 and (C5H5)2MoO(S2CNRR')Cl (R = Me, Et, i-Pr and R' = cyhx). Therefore, it was thought worthwhile to synthesise these complexes and to carry out physico-chemical studies. 
Experimental
Sodium dithiocarbamates were prepared by method described by Klöpping and van der Kerk [13] and dried in vacuo over phosphorous pentoxide. Bis(r/ 5 -cyclopentadienyl)oxomolybdenum(VI) dichloride was prepared by the interaction of molybdenumoxytetrachloride with sodium cyclopentadienyl in THF [14] , Dichloromethane was dried by refluxing for 24 h over calcium hydride. Nitrobenzene was purified for conductance measurements by the method described by Fay et al. [15] . Molybdenum was estimated as 8-hydroxyquinolate [16] and chlorine was determined as silver chloride. Nitrogen and sulphur were estimated by standard methods [17] .
Conductance measurements were made in nitrobenzene at 30.00 ± 0.05 °C with a Beckmann Conductivity Bridge model No. RC-18 A. Infrared spectra were recorded in 'KBr medium' in the region 4000-200 cm-i with a Perkin Elmer 621 grating spectrophotometer. Magnetic measurements were carried out by Gouy's method using mercury tetrathiocyanatocobaltate(II) as calibrant. The electronic spectra of the complexes were run on a Perkin Elmer 4000 A in the range 400-750 nm. The proton NMR spectra were recorded at ambient temperature (30 °C) at sweep width of 500 Hz with a Varian A-60 spectrometer. Chemical shifts are expressed relative to an internal reference of TMS (1% by volume).
Preparation of Complexes
The complexes were prepared by the interaction of calculated amounts of bis(^5-cyclopentadienyl)-oxomolybdenum(VI) dichloride and sodium dithiocarbamates in 100 ml refluxing dichloromethane for 8-10 h. The solution was filtered while hot, through a G-4 Alteration disc. It was concentrated under reduced pressure and petroleum ether was added.
The mixture was allowed to stand overnight, when yellowish brown crystals separated. These were filtered and dried under vacuum. All the complexes were prepared by similar methods.
Results and Discussion
The analytical data and physical characteristics of different bis(?? 5 -cyclopentadienyl)N,N-disubstituted dithiocarbamato (chloro)oxomolybdenum (VI) complexes are listed in Table I .
It is evident from the analytical data that one mole of bis(?? 5 -cyclopentadienyl)oxomolybdenum-(VI) dichloride reacts with one mole of sodium dithiocarbamate according to the following general equations:
(C5H5)2MoOCl2 -f Na(S2CNR2) -> (C5H5)2MoO(S2CNR2)Cl + NaCl (C5H5)2MoOCl2 + Na(S2CNRR') -> (C5H5)2MoO(S2CNRR')Cl + NaCl (R = Me, Et, i-Pr and R' = cyhx) All the complexes are soluble in carbon disulphide, benzene, dichloromethane and chloroform. They are thermally stable but decompose near their melting points. All the six complexes crystallise as yellow to yellowish brown crystals. It is evident from the conductance measurements that all the complexes are essentially nonelectrolytes in nitrobenzene. Magnetic susceptibility values at room temperature confirm that all these complexes are diamagnetic in nature.
The dithiocarbamate ligand can behave both as a bidentate ligand [18, 19] , as in Ti(S2CNR2)4 and as an S-bonded monodentate ligand as in Ru(NO)(S2CNEt2)3 [20] . These two bonding possibilities can be distinguished by infrared spectroscopy. Bonati and Ugo [21] showed that if the dithiocarbamate ligand is bidentate, a single band at ~ 1000 cm -1 is found which is due to two equivalent C-S stretching vibrations. In case of unidentate dithiocarbamate, a doublet arises at ~ 1005 cm -1 and 983 cm -1 which is due to two nonequivalent C-S stretching vibrations. This is a reliable criterium for determining the bonding mode ot the dithiocarbamate ligand.
All the prepared complexes possess one medium intensity band at ~ 1000 cm-1 . This indicates the presence of a four-membered ring system and also supports the bidentate nature of dithiocarbamate ligands. The frequency of the thioureide band at -1450 cm-1 lies in between that for C-N (1350-1250 cm-1 ) and C=N (1690-1640 cm -1 ) which suggests that this bond possesses some double bond character.
The C-H stretching frequencies at -3000 cm -1 in the complexes reported are indicative of cyclopentadienyl groups. The band at ~ 900 cm -1 indicates the presence of Mo=0 groups in the complexes [16] , while that at -350 cm -1 is assigned to metal sulphur stretching frequencies [22] , The electronic spectra of all the complexes recorded in nujol exhibit a single band in the region 24770-24230 cm-1 . This band may be assigned to the charge transfer band [23] which is in accord with the electronic configuration (n-l) d°, ns° of molybdenum (VI). Table II lists the position of resonance signals observed in the NMR spectra of the compounds. The intensities were determined by planimetric integration of these spectra and the integrated proton ratio corresponds to the formula, ??5-(C5H5)2MoO(S2CNR2)Cl and ^-(C5H5)2MoO(S2CNRR')C1 (R = Me, Et, i-Pr and R' = cyhx).
In case of (C5H5)2MoO(S2CNEtcyhx)Cl and (C5H5)2MoO(S2CNi-Prcyhx)Cl complexes, the resonance signal due to -CH3 group (in Et and i-Pr) was merged with that of the cyclohexyl group. Thus a multiplet appeared in the region <5 1.1-1.7 and the -CH3 and cyhx groups could not be separately identified.
